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IN TRO DUC TION
Life on Earth is con  stantly ex  posed to nat  u  ral
ion iz ing  ra di a tion  ef fects.  Since  this  ra di a tion  had
been pres  ent be  fore life even ex  isted on Earth, liv  ing
world has rel a tively adapted to the ex ist ing level of ra -
di  a  tion, so it is as  sumed that such ra  di  a  tion does not
have any neg  a  tive im  pacts. More  over, there are spots
of the Earth where ra di a tion is higher than av er age, but 
its im  pact on pop  u  la  tion health is even pos  i  tive (e. g.
spas with ra  dio  ac  tive wa  ter springs). On the other
hand, there are places, i. e., parts of the Earth’s sur face, 
with  con sid er ably  high  over all  nat u ral  ion iz ing  ra di a -
tion where its im  pact on hu  man health is neg  a  tive.
Ra dio log i cal  load  of  the  pop u la tion  pri mar ily
oc curs due to the pres ence of gamma ra  di  a tion field in
the en vi ron ment, and is dom i nantly con di tioned by the 
lev els  of  cos mic  and  ter res trial  ra di a tion,  and  geo -
graphic  po si tion.
Sources  of  ion iz ing  ra di a tion  are  pres ent  ev ery -
where in the en vi ron ment and ac cord ing to their gen e -
sis they may be di  vided into nat  u  ral (nat  u  ral ra  dio  ac  -
tiv ity)  and  anthropogenic  ones  (gen er ated,  ar ti fi cial
ra dio ac tiv ity).  Ac cord ing  to  Jovi}  [1], about 80% of
to tal  an nual  ra di a tion  orig i nates  from  nat u ral  sources,
while ap prox i mately 20% orig i nates from ar ti fi cial ra -
di a tion  sources.  Nat u ral  sources  in clude  nat u ral  earth
radionuclides, cosmogenic radionuclides, and cos  mic
ra di a tion;  anthropogenic  sources  in clude  ra dio ac tive
rain fall,  and  med i cal,  technogenic,  and  ra dio ac tive
waste.  The  mech a nism  of  ion iz ing  ra di a tion  ef fect  for
all the men tioned groups may be ex ter nal (ra di a tion to
or gan ism)  and  in ter nal  (ra di a tion  within  an  or gan ism
via food chain), so over all ra di a tion load may be ex ter -
nal and in  ter  nal [2].
The in  ten  sity of cos  mic ra  di  a  tion grows with the
in crease  of  al ti tude  and  lat i tude.  The  equiv a lent  an nual
dose of ter  res  trial ra  di  a  tion at the sea level amounts to
0.3 mSv. Bear  ing in mind that the equiv  a  lent an  nual
dose of ter res trial ra di a tion in the ar eas with av er age ra -
di  a  tion load amounts to ap  prox  i  mately 0.8 mSv, and
that it may go above 1 mSv in the ar  eas with the in  -
creased con  cen  tra  tions of radionuclides (for the ar  eas
with  238U and 232Th 1.37 mSv on av er age, while for 40K
it is 0.3 mSv), the mean an  nual nat  u  ral ra  di  a  tion ranges
be tween 1 and 2 mSv, de pend ing on the dwell ing place.
Ex treme an nual ter res trial ra di a tion is re corded in In dia, 
state of Kerala, and it amounts to 11 mSv [3,  4] (tab. 1).
NATUAL RADIONUCLIDES
Among the nat  u  ral radionuclides, nat  u  ral earth
radionuclides have the great  est im  pact on hu  man
health, both in terms of over  all ra  di  a  tion and in terms
of high lo  cal ra  di  a  tion doses. Based on the re  search
done  so  far,  nat u ral  ra dio ac tiv ity  of  litho sphere  (bio -
sphere) amounts to one-fourth of the to  tal ba  sic ra  di  a  -
tion load of all liv  ing crea  tures [5].
Most com  monly, nat  u  ral earth radionuclides
have  in ter nal  ef fects,  i. e., they en  ter the hu  man body
through  in ha la tion  or  in ges tion  (through  drink ing  wa -
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* Cor re spond ing  au thor;  e-mail:  danijela@gef.bg.ac.rster and food of plant or an i mal or i gin), and they ra di ate
hu man cells in ter nally, which leads to con sid er able ra -
di a tion  load  of  hu man  pop u la tion  in  cer tain  ar eas.
About 80 ra  dio  ac  tive iso  topes have been rec  og  -
nized in na  ture so far. The most com  mon nat  u  ral
radionuclide in litho sphere is 87Rb, fol lowed by 232Th,
40K. and 238U. How  ever, the high  est risk to hu  man
health is posed by 238U and its de  scen  dants 226Ra and
222Rn, with the half-lives of 1600 years and 3.824 days
[6].
De pend ing  on  their  geo-chem i cal  char ac ter is -
tics, radionuclides are con  cen  trated and dis  persed
through geo  chem  i  cal pro  cesses in var  i  ous parts of the
en  vi  ron  ment (stones and ores on the Earth sur  face,
soil,  wa ter,  air,  veg e ta tion).
In ad  di  tion to nat  u  ral radionuclides, there are
also  ar ti fi cial  ra dio iso topes  in  na ture,  which  are
widely spread in the world, where their cir  cu  la  tion in
soil is mon  i  tored by the in  ten  sity of ero  sion sup  ported
by wa  ter and wind. In ad  di  tion to their im  pact on hu  -
man health, know  ing the spe  cific ac  tiv  ity of nat  u  ral
radionuclides and ar  ti  fi  cial iso  topes en  ables us to as  -
sume ver ti cal dis tri bu tion through soil, as well as their
cir cu la tion  in  the  en vi ron ment  [7].
Pres  ence of nat  u  ral radionuclides in the en  vi  ron  -
ment is most com  monly low. How  ever, de  pend  ing on
geo chem i cal  cy cles  of  cer tain  el e ments,  these
radionuclides may be con cen trated lo cally in a part of the
en  vi  ron ment up the level which pres  ents a risk to hu  man
health [6]. More  over, the risk to hu  man health de  pends
on the lo  cal con  cen  tra  tion of radionuclides, but it de  -
pends  sig nif i cantly  more  on  its  bi o log i cal  adoptability
(tab. 2).
There used to be a no  tion that hu  man be  ing had
adapted to the nat u ral gamma ra  di  a  tion field in the en -
vi  ron  ment over the time (ter  res  trial and cos  mic one),
tak  ing into ac  count that radionuclides had been pres  -
ent in the en  vi  ron  ment since the for  ma  tion of the
Earth,  i. e., since the time when Cos  mos and chem  i  cal
el e ments came into ex is tence. Over the time, the in ten -
sity of nat  u  ral ra  di  a  tion has de  creased, so that the val  -
ues of this ra di a tion to day are up to three times smaller
than in the geo  log  i  cal past. How  ever, later in  ves  ti  ga  -
tions(1) have shown that ar  eas with higher con  cen  tra  -
tion of nat u ral radionuclides in soil, stones, wa  ter, and
air are char ac ter ized by the in creased num ber of in nate 
de  for  ma  tions and or  ganic ill  nesses and higher mor  tal  -
ity rate (es  pe  cially among chil  dren), thus slow  ing
down  nat u ral  ac cre tion  [8].
A hu  man may be ir  ra  di  ated by nat  u  ral
radionuclides via con struc tion ma te ri als of nat u ral or i -
gin, via food (in  ges  tion) and drink  ing wa  ter, and a hu  -
man  body  it self  con tains  ra dio ac tive  el e ments,  among
which  40K, as an in te gral part of the blood, is the dom i -
nat  ing one [9, 10].
The  to tal  ra di a tion  of  pop u la tion  in cludes  sig nif i -
cant  an nual  dose  of  ra di a tion  orig i nat ing  from  con struc -
tion ma  te  rial, tak  ing into ac  count the con  stant ex  po  sure
of pop  u  la  tion to this type of ra  di  a  tion in the en  vi  ron  -
ment(2). For ex am ple, the an nual ra di a tion dose for wood, 
gyp  sum, and ar  ti  fi  cial ma  te  ri  als amounts to 0 mSv, for
tiles and con  crete 0.1 mSv to 0.2 mSv, for stone and ar ti -
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Ta ble  1.  In te grated  ra dio log i cal  load  orig i nat ing  from
dif fer ent  sources 
Natural radiological
load [mSv]
Artificial
radiological load [mSv]
Terrestrial
radiation
Cosmic
radiation
Radioactivity
of air
Radioactive
rainfall
Mean value 
for the
areas with
the average
radiological 
load
0.8 0.3 0.02 0.03
Excessively 
high value
for certain
areas
(country)
10
India
Brazil
Gabon
3
Peru
0.2
England
(smog)
Annual
dose 0.51 0.32
Source: Petrovi}, Mitrovi} [13]
Ta  ble 2. Dis  tri  bu  tion of radionuclides in hu  man body 
Organ Introduction path
Radionuclides
Natural Artificial
Lungs Inhalation of gases
and aerosols
222Rn, 
210Po,
85Kr, 
130Xe
218Po, 
210Pb,
239Pu,
 240Pu
Bones Ingestion (food and
water)
226Ra, 
228Ra,
210Pb
90Sr, 
239Pu,
240Pu
Thyroid
gland
Ingestion (food and
water)
226Ra, 
228Ra
129J, 
131J
Kidneys Ingestion (food and
water)
230Th, 
232Th,
235U, 
238U
239Pu, 
240Pu
Liver Ingestion (food and
water)
210Po
198Au, 
239Pu,
240Pu
Source: Jovi}, Jovanovi} [1]
(1) New data re  lated to this area have been ob  tained through re  -
searches  im ple mented  by  nu mer ous  in ter na tional  or ga ni za tions,
such  as  World  Health  Or ga ni za tion  (WHO),  In ter na tional  Com -
mis sion on Ra dio log i cal Pro tec tion (ICRP), In ter na tional Atomic 
En ergy Agency (IAEA), United Na tions Sci en tific Com mit tee on 
the Ef  fect of Atomic Ra  di  a  tion (UNSCEAR), Com  mis  sion for
Bi o log i cal  Ef fects  of  Ion iz ing  Ra di a tion  (BEIR) and oth  ers.
(2) In or  der to as  sess ra  dio  log  i  cal risk in use of cer  tain con  struc  tion
ma te rial,  Raeq (ef  fec  tive spe  cific ac  tiv  ity) is used as a mea  sure,
which takes into ac  count the ac  tiv  ity of three most im  por  tant ra  -
dio ac tive el e ments: 
226Ra, 
232Th, and 
40K, ex pressed in Bq/kg. Ra -
dio  log  i  cal risk is cal  cu  lated by the means of the fol  low  ing for  -
mula: Raeq = A(Ra) + 1,43A(Th) + 0,077 A(K) [11]. Thereby, Raeq
= = 150 Bq/kg for ce  ment orig  i  nat  ing from Ser bia, 193 Bq/kg for
bricks, and 1,229 Bq/kg for phos  pho  rous gyp  sum [9]. 
In or  der to as sess the in ten  sity of the ab  sorbed dose of gamma ra -
di a tion  (D) in closed ar  eas de  pend  ing on the spe  cific ac  tiv  ity of
nat u ral radionuclides from con struc tion ma te ri als, dif fer ent math -
e matical mod  els can be applied, among which Zastanjny’s equa  -
tion is most com  monly used: D = 49,5 A(Ra) + 65,5 A(Th) + 4,5
A(K)10
–4 mGy per year. Ap ply ing this equa tion, it has been cal cu -
lated that the res i dents of Ser bia who spend time in brick build ings 
ab  sorb a dose of gamma ra  di  a  tion of 0.978 mGy per year, while
those who live in con  crete build  ings ab  sorb 0.431 mGy per year
[11].fi  cial gyp  sum 0.2 mSv to 0.8 mSv, while for slag and
pum ice 0.8 mSv to 1.7 mSv [1]. The re sults of a re search
con  ducted by the UN Sci  en  tific Com  mit  tee on the Ef  -
fects of Atomic Ra di a tion (UNSCEAR) show that out of
the to tal an nual  equiv a lent  dose  orig i nat ing  from  nat u ral
ra di a tion sources, which amounts to 2.4 mSv per in hab it -
ant, most of it (
2
3 / to ¾, some  times even up to 80%), is
found in res  i  den  tial build  ings [5, 11, 12].
RADIOECOLOGICAL
AREALS IN SER  BIA
The  ex is tence  of  dif fer ent  lev els  of  nat u ral
radionuclides in cer tain geo-space bio sphere has con di -
tioned the def  i  ni  tion of a term ra dio-eco log i cal  ar eal
(REA), whereat ra  dio  log  i  cal load of cer  tain biocenoses
de  pends ba  si  cally on a biotope. To this end, anal  o  -
gously to the ex  is  tence of bio-geo-chem  i  cal prov  inces
and bio-geo-chem  i  cal endemisms, the ex  is  tence of ra  -
dio-geo-chem i cal  endemisms  (RGCE) would be log  i  -
cal. Al  though sci  en  tists still ar  gue about the term of ra  -
dio-geo-chem  i  cal endemism, based on a num  ber of
lit  er  a  ture sources, it may be con  cluded that there is a
sig nif i cant cor re la tion be tween the level of back ground
ra di a tion and mor tal ity oc cur ring due to ma lig nant dis -
eases (3) [13].
Based on the in  ves  ti  ga  tions con  ducted in Ser  bia
be  tween 1970 and 1975, the ex  is  tence of 11 ra  dio-eco  -
log i cal areals with dif fer ent in ten si ties of ex po sure doses
of gamma en vi ron men tal ra di a tion (0.2-2.0 pC/kgs) was
es tab lished [13]. Geo graphic dis tri bu tion of REA in Ser -
bia, de  pend  ing on the in  ten  sity of the ex  po  sure dose of
gamma ra  di  a  tion, is pro  vided in fig. 1.
Back ground  ra di a tion  of  bio sphere(4) is a value
which changes in time. Changes in the in  ten  sity of the
ex po sure dose in the field of gamma en vi ron men tal ra -
di  a  tion oc  curred in Ser  bia as well, so the dis  tri  bu  tion
and size of cer  tain REA dif  fer ac  cord  ing to the sit  u  a  -
tion that was in place dur ing the 1970s. These changes
oc  curred pri  mar  ily due to anthropogenic im  pacts, in  -
clud  ing the large im  pact of Chernobyl di  sas  ter in
1986.
Ra dio log i cal  load  of  peo ple  who  in habit  cer tain
area, tak ing into ac count the size of the ob served group,
may be cal cu lated at the level of an in di vid ual (“pro fes -
sional ra  di  a  tion”), of a group (“crit  i  cal group”), or of
the  whole  pop u la tion,  i.  e., pop  u  la  tion of a coun  try, re  -
gion, etc. From  the med i cal-geo graphic as pect,  in ves ti -
ga tions  of  nat u ral ra dio log i cal  loads  of  the over all pop -
u  la  tion of Ser  bia are im  por  tant for spa  tial plan  ning and
pro tec tion, so the fol low ing text will con tain the re sults
of the in  ves  ti  ga  tions con  ducted so far in this area.
How ever, it has to be em pha sized that ac cord ing
to  the  rec om men da tions  made  by  the  In ter na tional
Com mis sion  on  ra dio log i cal  Pro tec tion  (ICPR),  there
is no per mit ted dose of ra di a tion for the whole pop u la -
tion on a cer  tain ter  ri  tory; con  se  quently, there is no
per mit ted  dose  for  nat u ral  ra dio log i cal  load  ei ther.
Ac cord ing to Petrovi} and Mitrovi} [13], nat u ral 
ra dio log i cal  load  (NRL)  of  the  pop u la tion  of  Ser bia,
ex  pressed as the an  nual equiv  a  lent dose, ba  si  cally de  -
pends on the in  ten  sity of the ex  po  sure dose (X) in a
REA, and it ranges be  tween 20 and 200 mSv per year
(tab. 3). Ex  pressed percentally, REA IV cov  ers the
larg  est area (43.35%), with the value of the ex  po  sure
dose in  ten  sity of 0.8 pC/kgs, while REA VII–XI, hav  -
ing  the val  ues of the ex  po  sure dose  in  ten  sity of
1.3-2.0 pC/kgs, each cover less than 1% of the ter ri tory 
of Ser  bia (fig. 1).
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(3) Petrovi} and Mitrovi} [13] pro  vide the re sults  of  nu mer ous  ra -
dio-ep i de mi o log i cal stud ies which have shown sig nif i cant cor re -
la tion  be tween  the  in creased  con cen tra tion  of  ra don  (
222Rn) in
drink  ing wa  ter and higher rate of ma  lig  nant dis  eases among
autochthonic pop  u  la  tion (in the area of Devon in Great Brit  ain,
then in the states of Iowa and Il  li  nois in the USA, etc.). Also, nu  -
mer ous researchers came to the re sults which show that the bones
of those per  sons who had died of leu  ke  mia had as much as twice
higher  ra dio ac tiv ity  in  gamma  emit ters  than  the  bones of those
peo  ple who had died of trau  matic fractures  (dif fer ent  in ju ries)
[14].
(4) Back ground ra di a tion of the bio sphere im plies the field of en vi ron -
men tal  gamma  ra di a tion. It is ex  pressed through the dosimetric
value of in ten sity  of  the  ex po sure  dose (X), whereas the dosimetric
SI unit for that dose is pC/kgs.
Fig ure  1.  Geo graphic  dis tri bu tion  of  ra dio-eco log i cal
areals (REA) de  pend  ing on the in  ten  sity of the ex  po  sure
dose of gamma ra  di  a  tion (X) in Ser  bia
* Leg  end for the map is pro  vided in tab. 3
Source: Obradovi} [16] (adapted from Petrovi} and Mitrovi}
[13]RA DIO LOG I CAL  RISK  ASSESSEMENT
FOR  POP U LA TION  OF  SER BIA
Based on the re  sults of in  ves  ti ga  tions con  ducted
by Petrovi} and Mitrovi} [13], as well as on the ba  sis
of the risk co  ef  fi  cients pro  vided for in the ICRP rec  -
om men da tions [15], a ra dio log i cal risk as sess ment has 
been per formed for the pop u la tion of cen tral Ser bia for 
the cen  sus years of 1981, 1991, and 2002, as  sess  ing
the risk of nat u ral ex ter nal ra di a tion and the ra dio log i -
cal risks oc  cur  ring due to the in  tro  duc  tion of nat  u  ral
radionuclides into the or  gan  ism [16]. The re  sults have
been pro  vided in tab. 4.
The ra dio log i cal risk for the pop u la tion of Ser bia 
orig i nat ing  from  ex ter nal  and  in ter nal  ion iz ing  ra di a -
tion has been cal  cu  lated us  ing the fol  low  ing for  mu  lae
[13]:
Ex ter nal  ra di a tion of the pop  u  la  tion 
Nks = N× f ×SRO 
In ter nal  ra di a tion of the pop  u  la  tion
Nku = N× f×URO, and
To tal  nat u ral  ra di a tion
Nki = N×f×IRO
where Nk is the ex pected num ber of ma lig nant tu mors at 
the an nual ex po sure (Nks – due to ex ter nal ra di a tion, Nku
–  due  to  in ter nal  ra di a tion,  Nki  – due to in  te  grated, to  tal
ra di a tion), N – the num ber of in hab it ants of Ser bia with -
out prov  inces for the given cen  sus year (1981 –
5,694,464, 1991 – 5,808,906, 2002 – 5,466,009), f – the
mean co ef fi cient of risk for the pop u la tion of Ser bia, f =
= 1.1· 10
–2 per Sv, SRO = 9.15×10
–4 Sv per year – ex ter nal
ra dio ac tive ra di a tion, URO = 4.5×10
–4 Sv per year – in ter -
nal  ra dio ac tive  ra di a tion,  IRO = 1.35×10
–3 Sv per year –
in te grated  ra dio ac tive  ra di a tion.
As pro  vided in tab. 4, changes ex  pected in the
over all  num ber  of  ma lig nant  tu mors  orig i nat ing  from
nat u ral  ra di a tion  are  pri mar ily  re lated  to  changes  in
num  ber of the in  hab  it  ants of Ser  bia.
The ex po sure of the pop u la tion to ion iz ing ra di a -
tion may lead to the oc  cur  rence of acute ra  dio  log  i  cal
ill ness,  chronic  ra dio log i cal  ill ness,  tu mors,  as  well  as
of ge  netic de  fects to prog  eny (dam  ages to chro  mo  -
somes  oc cur ring  due  to  ion iz ing  ra di a tion  ef fects  on
re pro duc tion  or gans/cells)  [17].
On the ba  sis of the re  search in cen  tral Ser  bia
(pro  ject A/3, 1983) for the pe  riod be  tween 1945 and
1983, it may be con  cluded that the ra  dio  log  i  cal risk
from the en  vi  ron  ment in cen  tral Ser  bia re  lated to ma  -
lig  nant dis  eases amounts to ap  prox  i  mately 1.17% of
the to  tal num  ber of ma  lig  nant dis  eases [13].
In the long run, ir  ra  di  a  tion of the pop  u  la  tion
orig i nat ing  from  nat u ral  radionuclides  in  the  en vi ron -
ment is con  stant and chron  i  cle. To this end, we may
speak about a rel  a  tively un  changed in  ci  dence of ge  -
netic dam  ages, whereat it is taken that there are 300 ill
peo ple  in  a  pop u la tion  of  one  mil lion  in hab it ants  ir ra -
di  ated by 0.01 Sv per year. Bear  ing in mind that the
equiv a lent dose (H) for ra di a tion orig i nat ing from nat -
u  ral radionuclides in Ser  bia amounts to 1.3 mSv per
year, this means that the ge netic risk as sess ment for the 
pop  u  la  tion of 5 mil  lion peo  ple amounts to 195 cases
an nu ally, or 213 cases in the pop u la tion of cen tral Ser -
bia (ac  cord  ing to cen  sus held in 2002)(5).
THE EF  FECTS OF HIGH AND
LOW DOSES
It is ob vi ous that all the peo ple are ex posed to ex -
ter nal  and  in ter nal  ion iz ing  ra di a tion,  both  from  nat u -
ral and ar ti fi cial sources of ion iz ing ra di a tion. Harm ful 
ef  fect of high and low doses on hu  man body was dis  -
cov ered long time ago, whereas harm ful ef fect lin early 
de pends on the dose – the higher the dose of ra di a tion,
the higher the harm  ful ef  fects on hu  man health.
How  ever, sci  en  tists have ar  gued for a long time
about the ef  fects of lower doses to hu  man health, i. e.,
doses that do not cause clin  i  cal symp  toms, as is the case
with high and me  dium doses. There were sev  eral op  po  -
site opin  ions; on one hand, not only was the harm  ful ef  -
fect non-ex  is  tent, but there was a sort of a pos  i  tive ef  fect
pres  ent [18], and on the other hand, it was claimed that
ef fects of low doses were also harm ful, but were dif fi cult
to es  tab  lish since most com  monly in such cases there
were the so called “hid  den changes”. This sec  ond group
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Ta ble  3.  Nat u ral  ra dio log i cal  load  (NRL)  of
Ser bian  pop u la tion
PEA I II III IV V VI VII-VIII IX-X XI
X
[pCkg–1s–1] 0.2 0.4 0.6 0.8 0.9 1.0 1.3-1.4 1.6-1.8 2.0
NRL
[mSv per year] 20 40 60 80 90 100 130-140 160-180 200
Source: Petrovi}, Mitrovi} [13]
Ta  ble 4. To  tal ex  pected num  ber of ma  lig  nant tu  mors in
Ser bia with out prov inces, ac cord ing to the cen sus years,
oc cur ring due to nat u ral ex ter nal and in ter nal ra di a tion 
Natural radiation
Number of malignant tumors
according to census years
1981 1991 2002
Natural gamma background
radiation (external radiological 
radiatiion) (Nks)
57 58 55
Natural radionuclides (internal 
radiological radiation) (Nku) 28 29 27
Total natural radiological load
(Nki) 85 86 81
Source: Obradovi} [16]
(5) Ng = 5×10
6 ×1.3×10
–3 × 3×10
4 × 10
–6 = 195, where Ng – es ti mated num -
ber of cases with ge  netic dam  ages, 5×10
6 – five-mil  lion pop  u  la  -
tion, 1.3×10
–3 – equiv a lent dose (H) for ra di a tion com ing from nat -
u ral radionuclides in Ser bia, 3×10
4×10
–6 – 300 cases in one mil lion
in hab it ants.of opin  ions had a mis  match of stand  points re  lated to
whether such a harm  ful ef  fect grew ac  cord  ing to the lin  -
ear  or  non-lin ear  cor re la tion.  In ves ti ga tions  con ducted
by two or ga ni za tions – UNSCEAR and BEIR – be tween
1980 and 1984 led to the con  clu  sion that low doses of
ion iz ing ra di a tion also had con sid er able bio-neg a tive ef -
fect which was ex  pressed ac  cord  ing to a lin  ear de  pend  -
ence with  out a thresh  old. This also con  firmed the no  tion
of the Amer i can ge netic sci en tist W. Mor gan, who stated, 
that “there are no such low doses of ion  iz  ing ra  di  a  tion
that do not cause changes to ge netic ma te rial of liv ing or -
gan isms”  [13].
CON CLU SIONS
Based on the in ves ti ga tions per formed so far, the 
fol  low  ing two con  clu  sions could be made:
– there is no ra  di  a  tion thresh  old be  low which there
are no health risks, and
– the risk in  crease is in a di  rect pro  por  tion with the
dose re  ceived.
Ac  cord  ing  to  the  By  law on  lim  its of ex  po  sure
to ion iz  ing  ra di a tion  [19],  the  rec om mended  limit is
1 mSv per year, and it per  tains to the sum of cer  tain
doses of the ex ter nal ex po sure and the ex pected ef fec  -
tive dose of the in ter nal ex po sure to an ar  ti fi cial ra di a -
tion source in a year time. How  ever, there are no limit
val ues  for  nat u ral  ion iz ing  ra di a tion,  tak ing  into  ac -
count the re  sults of the pre  vi  ously men  tioned stud  ies
on small ra  di  a  tion doses (harm  ful ef  fects were es  tab  -
lished for higher doses long time ago). There  fore,
from the ge  netic as  pect, the con  se  quences of small
doses ef  fects may be ex  pressed in the sec  ond gen  er  a  -
tion, or even sev  eral gen  er  a  tions later.
Know ing  back ground  ra di a tion  of  the  bio -
sphere, i. e., the size of the ra dio log i cal field of gamma
ra di a tion  in  the  en vi ron ment  could  have  sig nif i cant
im pacts  on  spa tial  and  ur ban  de vel op ment  plan ning.
This is par  tic  u  larly im  por  tant when the lo  ca  tion is to
be de  ter  mined for new set  tle  ments or new in  dus  trial
fa cil i ties,  es pe cially  when  lo cat ing  fa cil i ties  for  the
pro  duc  tion of food of plant and an  i  mal or  i  gins.
REF ER ENCES
[1] Jovi}, V., Jovanovi}, L., Geo  chem  i  cal Bases for Eco  -
log i cal  Man age ment,  Monography,  So ci ety  for  Pro -
mo tion  and  Ap pli ca tion  of  Sci ence  in  En vi ron men tal
Prac  tice in Ser  bia and Montenegro “Ecologica”, Bel  -
grade, 2004
[2] ***, UNSCEAR, 1988, Sources and Ef  fects of Ion iz  ing
Ra di a tion,  United  Na tion  Sci en tific  Com mit tee  on  Ef -
fects of Atomic Ra  di  a  tion, Re  port to the Gen  eral As  -
sem bly, with An nexes, New York, United Na tions, 1988
[3] Komatina, M. M., Med  i  cal Ge  ol  ogy, “Tellur” –
Geoinzenjering, Bel  grade, 2001
[4] Mehra, R., Singh, S., Singh, K., Sonkawade, R., 
226Ra, 
232Th and 
40K in Soil Sam  ples from Some Ar  eas of
Malwa Re  gion, Punjab, In  dia Us  ing Gamma Ray
Spec trom e try,  En vi ron men tal  Mon i tor ing  As sess -
ment, 134 (2007), pp. 333-342
[5] ***, UNSCEAR, 1993, Sources and Ef  fects of Ion  iz  -
ing  Ra di a tion,  United  Na tion  Sci en tific  Com mit tee
on Ef fects of Atomic Ra di a tion, Re port to the Gen eral
As sem bly,  with  Sci en tific  An nexes,  New  York,
United Na  tions, 1993
[6] Dangi}, A., Geo  chem  i  cal Pro  cesses in Na  ture and
Radionuclides,  Mono graph  –  Ion iz ing  Ra di a tion
from Na  ture, In  sti  tute for Nu  clear Sci  ences “Vin~a”.
Yu go slav  So ci ety  for  Pro tec tion  against  Ra di a tion,
Bel  grade, 1995, pp. 41-56
[7] Nenadovi}, S. S., Nenadovi}, M. T., Vukanac, I. S.,
Djordjevi}, A. R., Dragi~evi}, S. S., Lje{evi}., M. A.,
Ver ti cal  Dis tri bu tion  of 
137Cs in Cul  ti  vated Nad
Undistrurbed Ar  eas, Nu clear  Tech nol ogy  &  Ra di a -
tion  Pro tec tion,  2 (2010), 1, pp. 30-36
[8] Hayata, I., Wang, C., Zhang, W., Chen, D.,
Minamihisamatsu, M., Morishima, H., Wei, L.,
Sugahara, T., Ef  fects of High-Level Nat  u  ral Ra  di  a  -
tion on Chro  mo  somes of Res  i  dents in South  ern
China, Cytogenetic and Ge  nome Re  search, 104
(2004), 1-4, pp. 237–239
[9] Bikit,  I.,  Re search  on  Ra dio ac tiv ity  in  Con struc tion
Ma te ri als,  XVII  Yu go slav  Sym po sium  on  Pro tec tion
against  Ra di a tion,  Be~i}i,  1995
[10] Djukanovi}, M., Ion  iz  ing Ra  di  a  tion in Closed Ar  chi  -
tec tural  Build ings  as  Eco log i cal  Prob lem,  Mono -
graph  –  Ion iz ing  Ra di a tion  from  Na ture,  In sti tute  for
Nu clear  Sci ences  “Vin~a”,  Yu go slav  So ci ety  for  Pro -
tec tion  against  Ra di a tion,  Bel grade,  1995,  pp.
387-393
[11] Kristoforovi}-Ili}, M., Radovanovi}, M., Vajagi}, L.,
Jevti}, Z., Foli}, R., Krnjetin, S., Obrknezev, R.,
Com  mu  nal Hy  giene, Prometej, Novi Sad, 1998
[12] ***, UNSCEAR,  Ef fects and Risks of Ion iz ing Ra di -
a tion,  United  Na tion  Sci en tific  Com mit tee  on  Ef fects
of Atomic Ra  di  a  tion, Re  port to the Gen  eral As  sem  -
bly, with Sci  en  tific An  nexes, New York, United Na  -
tions, 2000
[13] Petrovi}, B., Mitrovi}, R., Ra  dio  log  i  cal Hy  giene in
Bio tech nol ogy,  Sci en tific  Book,  Bel grade,  1991
[14] Kurttio, P., Komulainen, H., Leino, A., Salonen, L.,
Auvinen, A., Saha, H., Bone as Pos  si  ble Tar  get of
Chem i cal  Tox ic ity  of  Nat u ral  Ura nium  in  Drink ing
Wa ter.,  En vi ron men tal  Health  Per spec tives,  113
(2005), 1, pp. 68-72
[15] ***, ICRP, 1990, Rec  om  men  da  tions of the In  ter  na  -
tional Com mis sion on Ra dio log i cal Pro tec tion, Pub li -
ca  tion 60, An  nals of the ICRP 21
[16] Obradovi}, D., The Im  por  tance of Med  i  -
cal-Geopraghic Fac  tors in Space Plan  ning and Pro  -
tec  tion in Ser  bia, Doc  tor  ate The  sis, Fac  ulty of Ge  og  -
ra phy,  Uni ver sity  of  Bel grade,  Bel grade,  2010
(un pub lished  data)
[17] Kocijan~ic, R. I., Pecelj-Gec, M, Jorga, V., Ple}a{, D.,
Risti}, G., Sbutega-Milo{evi}, G., Belojevi}, G.,
Jorga, J., Marmut, Z., Vasiljevi}, N., Jakovljevi}, B.,
Ba~kovi}, D., Hy  giene, Bu  reau for Text  books and
Teach  ing Aids, Bel  grade, 2002
[18] Pollycove, M., Feinendegen, L., Biologyc Responces
to Low Dose of Ion iz ing  Ra di a tion, Det ri ment Ver sus
Hormesis,  The Jour  nal of Nu  clear Med  i  cine, 42
(2001), 9, pp. 26-33
[19] ***, Belaw on Lim  its of Ex  po  sure to Ion  iz  ing Ra  di  a  -
tion, Of  fi  cial Ga  zette of FRY, No. 32/98
Re  ceived on Sep  tem  ber 29, 2010
Ac  cepted on Oc  to  ber 8, 2010
D. R. Obradovi}-Arsi}, et al.:  Nat u ral  Ion iz ing  Ra di a tion  and  Hu man  Health  ...
196 Nu  clear Tech  nol  ogy & Ra  di  a  tion Pro  tec  tion: Year 2010, Vol. 25, No. 3, pp. 192-197D. R. Obradovi}-Arsi}, et al.:  Nat u ral  Ion iz ing  Ra di a tion  and  Hu man  Health  ...
Nu  clear Tech  nol  ogy & Ra  di  a  tion Pro  tec  tion: Year 2010, Vol. 25, No. 3, pp. 192-197 197
Danijela R. OBRADOVI]-ARSI], Sne`ana S. NENADOVI],
Dejan J. FILIPOVI], Bojana M. MIHAJLOVI]
PRIRODNO  JONIZUJU]E  ZRA^EWE  I  ZDRAVQE  STANOVNI[TVA  SRBIJE
U radu su prikazani potencijalni efekti prirodnog jonizuju}eg zra~ewa na zdravqe
stanovni{tva. Poseban akcenat stavqen je na prirodne radionuklide, kao i na zdravstvene efekte
velikih i malih doza. U radu su izdvojeni radioekolo{ki areali, i izvr{ena procena radijacionog
rizika za stanovni{tvo Srbije prema popisnim godinama.
Kqu~ne re~i: prirodno jonizuju}e zra~ewe, zdravqe, Srbija